Individuals form first impressions of others all the time, which affects their social functioning. Typical adults form threat impressions in faces with neutral expressions quickly, requiring less than 40 ms. These impressions appear to be mediated by low spatial frequency (LSF) content in the images. Little is known, however, about mechanisms of first impression formation in schizophrenia. The current study investigated how quickly individuals with schizophrenia can form consistent impressions of threat compared with controls and explored the mechanisms involved. Patients and controls were presented intact, LSF-or high spatial frequency (HSF)-filtered faces with durations that varied from 39 to 1703 ms and were asked to rate how threatening each face was on a scale from 1 to 5. In order to assess the speed of impression formation for intact faces, correlations were calculated for ratings made at each duration compared to a reference duration of 1703 ms for each group. Controls demonstrated a significant relation for intact faces presented for 39 ms, whereas patients required 390 ms to demonstrate a significant relation with the reference duration. For controls, LSFs primarily contributed to the formation of consistent threat impressions at 39 ms, whereas patients showed a trend for utilizing both LSF and HSF information to form consistent threat impressions at 390 ms. Results indicate that individuals with schizophrenia require a greater integration time to form a stable "first impression" of threat, which may be related to the need to utilize compensatory mechanisms such as HSF, as well as LSF, information.
Introduction
People with schizophrenia have deficits across a number of social cognitive domains including facial emotion recognition, theory of mind, and social perception (Green et al., 2008; Kohler et al., 2010; Savla et al., 2013) . These impairments affect ability to engage in social interactions and are related to poor functional outcome (Couture et al., 2006; Fett et al., 2011; Irani et al., 2012) . One important area of social functioning is the ability to make spontaneous judgments about an individual's personality characteristics or perceived intent based on facial information. However, there is a paucity of studies examining mechanisms by which individuals with schizophrenia form first impressions.
Frequently, individuals form first impressions of others' traits and characteristics to determine how threatening, trustworthy, intelligent, likeable, attractive, or competent they are. First impressions can be made based on emotional expressions in faces, facial structure, and even subtle expressions in neutral faces (Hassin and Trope, 2000; Oosterhof and Todorov, 2008; Said et al., 2009 ). This process is spontaneous, based on limited information, and, regardless of accuracy, can affect social interactions and behavior (Willis and Todorov, 2006; Olivola and Todorov, 2010) .
Additionally, some judgments, particularly those of threat and trustworthiness, may be crucial for survival. Thus, one would expect these judgments to be made very quickly, which turns out to be the case. In two similar studies, ratings of threat (Bar et al., 2006) and trustworthiness ) made by healthy individuals after exposure to neutral faces in as short a duration as 33-39 ms agreed with ratings made at more leisure. Whether patients with schizophrenia need longer durations of viewing faces than controls to make a first impression remains an open question. Studies showing that patients need longer exposure durations to achieve configural processing of faces similar to that of controls and have increased reaction time when making social appraisals (Taylor et al., 2011) suggest that this may be the case.
Little is known about mechanisms used to form first impressions, even in healthy individuals. Bar et al. (2006) assessed the role of spatial frequency content in first impression formation because low spatial frequency (LSF, low resolution) information is extracted much more rapidly than high spatial frequency (HSF, fine detail) information, providing coarse-to-fine processing of information (Bar, 2003) . Furthermore, LSF information involves neural circuitry implicated in threat perception (Adolphs et al., 1999; Vuilleumier et al., 2003) . As hypothesized, LSF processing played a role in first impression formation: a significant relationship was found between threat judgments made from LSF-filtered faces, but not HSF-filtered faces, shown for 39 ms and judgments made from unfiltered faces. Some studies show that patients with schizophrenia exhibit impairment in processing LSF information in objects, faces, and simple stimuli (O'Donnell et al., 2002; Butler et al., 2005; Martinez et al., 2008; Silverstein et al., 2010; Martinez et al., 2011; Calderone et al., 2013) . Other studies found impairment in processing both LSF and HSF information (Slaghuis, 1998; Keri et al., 2002) . Thus, patients may not utilize spatial frequency, particularly LSF information, similarly to controls in forming first impressions.
Given the impact of first impressions and difficulties in social cognition of patients with schizophrenia, it is important to understand the mechanisms of first impression formation. The present study utilized the paradigm of Bar et al. (2006) to investigate the possibility that patients need longer duration and utilize different mechanisms than healthy controls to form first impressions. Specifically, it was hypothesized that controls would be able to quickly form a consistent first impression that would be reliant on the use of LSF information. It was hypothesized that patients with schizophrenia would take longer to make a stable first impression and require HSF as well as LSF information to do so.
Materials and methods

Participants
Data were collected in two separate experiments. In Experiment 1, participants were 47 patients (39 male) meeting Diagnostic and Statistical Manual of Mental Disorder (Fourth Edition; DSM-IV) criteria for schizophrenia (n = 38) or schizoaffective disorder (n = 9), and 43 controls (24 male) of similar age. In Experiment 2, participants were 40 patients (34 male) meeting criteria for schizophrenia (n = 32) or schizoaffective disorder (n = 8) and 38 controls (21 male) of similar age. Thirty-seven patients and 33 controls participated in both experiments, so that the total sample included 50 patients and 48 controls. Clinical and demographic information are presented in Table 1 .
Patients were recruited from inpatient and outpatient facilities associated with the Nathan Kline Institute for Psychiatric Research. Diagnoses were obtained using the Structured Clinical Interview for DSM-IV (SCID) and all available clinical information. Controls were recruited through the Volunteer Recruitment Pool at the Nathan Kline Institute and individuals with a history of SCID-defined Axis I psychiatric disorders were excluded. Participants were excluded if they had any neurological or ophthalmic disorders that might affect performance or met criteria for alcohol or substance dependence within the last six months or abuse within the last month. All participants provided informed consent according to the Declaration of Helsinki. This study was approved by the Nathan Kline Institute for Psychiatric Research/ Rockland Psychiatric Center and Rockland County Department of Mental Health Institutional Review Boards.
Patients and controls did not differ significantly in age. However, there was a significant difference in gender between groups (Fisher's exact test, Hollingshead, 1975) . PANSS, Positive and Negative Syndrome Scale (Kay et al., 1987) ; SANS, Scale for the Assessment of Negative Symptoms (Andreasen, 1984) . a Fisher's exact test, p b .01. b Chlorpromazine equivalence mean is based on total amount of participants receiving medication at time of testing. c t-Test, p b .001. p = .006). All but one of the patients received antipsychotic medication at the time of testing. Chlorpromazine equivalents were calculated using conversion factors described previously (Hyman et al., 1995; Peuskens and Link, 1997; Woods, 2003) . All participants had 20/32 or better corrected visual acuity on the Logarithmic Visual Acuity Chart (Precision Vision, LaSalle, IL, USA).
Stimuli
Stimuli for both experiments are shown in Fig. 1 and consisted of 72 256 × 256 pixel grayscale images of faces, with each face 5°in the vertical dimension, presented on a gray background. The tasks were administered on an E5500 Dell Latitude Laptop, with a monitor resolution of 1024 × 768 pixels, and refresh rate of 75 Hz.
Faces were ones used by Bar et al. (2006) and obtained from sources that had previously rated the faces as neutral. Sources for the faces were: Ekman Pictures of Facial Affect (POFA; www.paulekman.com/), Cornell University database (www.macbrain.org/faces/), University of Texas, El Paso (Zarate et al., 2000) , AR Face Database (Martinez and Benavente, 1998) , University of Stirling (http://pics.psych.stir.ac.uk/), Database of Faces (http://www.uk.research.att.com/facedatabase.html), and Yale University (http://cvc.yale.edu/projects/yalefaces/yalefaces. html). For Experiment 1, 72 unfiltered faces were shown (Fig. 1A ). For Experiment 2, the 72 faces had a Gaussian filter applied to limit the spatial frequency content to either LSFs (≤8 cycles/image) (Fig. 1B) or HSFs (≥ 24 cycles/image) (Fig. 1C) . In both experiments, each face was followed by one of 15 randomly presented masks, shown for 160 ms, consisting of black lines approximately 2 mm in diameter on an abstract background of gray and white. The mask was used to ensure that the faces were presented only for the intended exposure time ).
Procedure
In both experiments, participants were asked to rate the degree to which they perceived each face to belong to a threatening person on a 5-point scale from least threatening (1) to most threatening (5). Participants were instructed to follow their gut reaction. The participants made a verbal response and the experimenter recorded it with a button press. The next trial began 800 ms after the button press. In Experiment 1, full-spectrum unfiltered (intact) faces were presented for durations of 39, 156, 390, or 1703 ms. Durations were in the order from shortest to longest. The 72 faces were divided into four blocks of 18 with four counterbalanced orders of presentation. Each participant received one of the four orders of presentation so that each participant saw 18 faces at each duration and only saw each face once. Thus, all 72 faces were rated at each duration, with each face rated by a subset of participants. For Experiment 2, LSF and HSF faces were presented for durations of 39, 390, or 1703 ms, again from shortest to longest. All 72 faces were rated at each duration. The 72 faces were divided into six blocks of 12, with three durations for LSF and three for HSF. Participants received one of six counterbalanced orders of block presentations, with half of the participants receiving LSF first and half receiving HSF first. Thus, each participant saw 12 faces at each duration for LSF and 12 at each duration for HSF. A practice block consisting of 20 trials of face, mask, and fixation using faces not presented in actual experiments preceded the experiments.
Data analyses
To evaluate whether the average threat ratings given by subjects depended on diagnosis, gender, duration or filter type (unfiltered, LSF, or HSF), repeated measures ANOVA-type of analysis was performed using mixed effects: participants' ratings were modeled as a function of diagnostic group, gender (between subject factors), duration and filter (as repeated within subject factors) and all 2-, 3-and 4-way interactions between them. The non-significant terms were removed oneby-one using backward elimination and preserving the hierarchical principle (i.e., if a higher order interaction term is in the model all lower order interaction terms and main effects that are contained in it are retained in the model, regardless of their statistical significance). Inferences about the effect of the four factors on the ratings are based on the final model.
To address the main research question, as was done previously (Bar et al., 2006; Todorov et al., 2009) , for each face the mean threat ratings were calculated for each combination of duration and filtering, separately for the two diagnostic groups. The association between face ratings at shorter vs. the 1703 reference duration or between spatial frequency-filtered vs. non-filtered images was evaluated based on the Pearson's correlation coefficients. The significance of those correlations was judged at two-sided level α = 0.05, with Bonferroni correction applied to estimates of similar correlations within a diagnostic group. For example, the three correlations for durations 39, 156 and 390 vs. the reference duration of 1703 ms for non-filtered faces in the schizophrenia group were judged statistically significant if their 2-sided p-values were less than 0.05/3 = 0.017. Everywhere the unadjusted p-values are reported. Effect sizes are reported either as η 2 p or as Cohen's d, as appropriate. 
Experiment 1: speed of impression formation of full-spectrum unfiltered faces
Threat ratings of neutral faces shown for 39-390 ms were compared to those made at 1703 ms (Bar et al., 2006; Fig. 2) . Healthy controls needed only 39 ms to demonstrate a significant linear relationship with ratings made at 1703 ms, as seen by a significant correlation (see plots for r values and significance levels). Stronger relationships were found as duration increased to 156 ms. Individuals with schizophrenia, however, needed 390 ms to yield a significant relationship. Correlations remained significant when Bonferroni corrections were applied.
Experiment 2: spatial frequencies and rapid threat impressions
LSF results
The 156 ms duration was eliminated because controls showed correlations with ratings at 1703 ms as early as 39 ms and patients needed 390 ms in Experiment 1. How consistently LSF-filtered faces were ranked compared to intact faces was assessed at each duration (Fig. 3) . Controls showed a significant linear relationship between ratings of LSF-filtered faces shown for 39 ms and ratings of intact faces shown for 39 ms. Similar to Experiment 1, relationships were stronger at longer durations. As expected, due to needing longer than 39 ms to form a consistent first impression, patients with schizophrenia did not show a significant relationship between ratings of LSF-filtered faces made at 39 ms and ratings of intact faces shown for 39 ms. However, at 390 ms, the duration at which patients were able to form a consistent first impression of intact faces, they showed a trend for a significant correlation between LSF and intact faces. At 1703 ms, patients showed a significant correlation between LSF and intact faces. Correlations remained significant following Bonferroni correction. Fig. 4 shows results of HSF-filtered vs. intact faces including r and p values. Unlike LSF results, controls did not show a significant linear relationship between ratings of HSF-filtered and intact faces shown for 39 ms. Controls did, however, show a significant relationship between HSF-filtered and intact faces shown for 390 and 1703 ms. Patients with schizophrenia did not show a significant relationship between ratings of HSF-filtered and intact faces made at 39 ms, but, like LSF results, showed a trend for a significant correlation between HSF and intact faces shown for 390 ms, the duration at which they were able to form a consistent first impression, and a significant correlation between Fig. 2 . Scatterplots of relations between mean threat ratings of faces at 39, 156, and 390 ms (Y axis) compared to mean threat ratings of the same faces at 1703 ms (X axis) in healthy controls and patients in Experiment 1. HSF and intact faces at 1703 ms. Correlations remained significant following Bonferroni correction.
HSF results
Correlations
For patients, no significant correlations were found between threat ratings at any condition and CPZ equivalents or PANSS rating scores.
Discussion
The purpose of this study was to explore the formation of first impressions in individuals with schizophrenia. Both the duration and effects of spatial frequency content of stimuli were assessed using the paradigm of Bar et al. (2006) to evaluate threat perception.
For controls, as hypothesized, consistent first impressions of threat in faces were formed rapidly, requiring only 39 ms to obtain significant agreement with faces shown for a longer duration (1703 ms). These results replicate Bar et al.'s (2006) findings that extraction of facial features necessary to form impressions of threatening and nonthreatening neutral faces can be done even when faces are only shown for 39 ms. The current results are also in line with those of Todorov et al. (2009) , who found that trustworthiness ratings of neutral faces made in 33 ms agreed with those made without time constraints. Our findings that improvements in agreement between ratings increased as duration increased from 39 to 156 ms are also consistent with those of Todorov et al. (2009) , who found that agreements improved as duration of presentation increased from 33 to 100 ms, so that viewing times beyond~150 ms do not appear to produce an advantage in forming a consistent first impression.
In agreement with our hypothesis, patients with schizophrenia needed longer exposure duration (i.e., 390 ms) to produce threat ratings consistent with ratings made when faces were shown for a considerably longer duration (i.e., 1703 ms). This is consistent with previous studies showing delays in processing configural aspects of faces , increased reaction time in making social appraisals (Taylor et al., 2011) , impaired early-stage processing of faces in electrophysiological studies (Turetsky et al., 2007; Wynn et al., 2013 ) that may be related to impaired structural encoding of faces (Turetsky et al., 2007) , and possibly impaired time continuity in schizophrenia (Giersch et al., 2013) . Thus, impairments in temporal processing also extend to the ability to make a first impression.
Given that first impressions are formed so quickly in healthy individuals, Bar et al. (2006) assessed the role of LSFs, which are processed quickly, vs. HSFs, which are processed more slowly, in first impression formation. In their study, as well as in the current one, controls' threat ratings of LSF-, but not HSF-, filtered faces shown for 39 ms correlated significantly with ratings made for unfiltered faces. Thus, the current study supports the hypothesis that LSF information is important in formation of first impressions for controls.
Patients, on the other hand, not only took longer than controls to form consistent first impressions, but also utilized different mechanisms. At 390 ms, the duration at which patients formed a stable first impression, there was a trend for a significant correlation between both LSF-and HSF-filtered faces vs. intact faces. Thus, patients are utilizing both LSF and HSF information to some extent to form a first impression at 390 ms. In previous fMRI studies of face (Silverstein et al., 2010) and object (Calderone et al., 2013) recognition, patients had altered activation patterns to LSF and HSF stimuli depending on brain region, leading to the suggestion that there may be increased utilization of spatial frequency information in some brain regions in schizophrenia to compensate for such difficulties as decreased global processing in early visual areas. Our data indicate that a compensatory HSF activation may occur in first impression formation in schizophrenia. A recent study by Laprevote et al. (2010) found that patients demonstrated a bias towards LSF information in processing hybrid faces, but responded accurately when viewing HSF information in non-hybrid faces. They suggested that the time course of concurrently perceiving LSF and HSF information in patients with schizophrenia may be impaired, potentially due to longer durations of time needed to process LSF information. Impaired use of LSF information in the present study could contribute to the sluggish formation of first impressions, which might result from increased integration time needed for LSF information in the cortex. Indeed, increased P1 latency was found in response to LSF, but not HSF, sinusoidal gratings in a VEP study of people with schizophrenia (Butler et al., 2007) . Further work is needed to better understand this phenomenon.
While the main objectives were to assess duration and mechanisms of first impression formation, differences between ratings of patients and controls were assessed as were effects of duration and filter type. Both groups rated faces as more threatening as duration increased from 39 to 390 ms. This is similar to Willis and Todorov's (2006) finding that, while controls formed trait judgments of attractiveness, likeability, trustworthiness, competence, and aggressiveness in 100 ms (a shorter duration was not examined), these judgments became more negative as duration of exposure to faces increased to 500 ms, but not from 500 to 1000 ms. Effects of duration have not, to our knowledge, been previously examined in first impression formation in patients with schizophrenia. Even though patients did not form stable threat judgments in 39 ms, like controls, they may show a "positivity" effect at the short duration. Alternatively, the lower ratings for patients at 39 ms could be due to difficulty detecting facial features that would cause them to give higher threat ratings. Further studies, such as those carried out by Bar et al. (2006) determining accuracy of face identification at short durations would help to answer this question. In addition, both groups showed more negative threat ratings in the LSF than HSF condition. This is consistent with LSF being used to make fast threat judgments, though patients may not be utilizing LSF information as effectively as controls to form consistent impressions.
No significant differences in ratings were found between groups and no significant relationships were found with clinical ratings. In previous studies of trait ratings of faces, patients gave similar ratings as controls for danger (Henry et al., 2010) , friendliness (Taylor et al., 2011) , and likeability (Kline et al., 1992) and gave similar (McIntosh and Park, 2014) or higher (Haut and MacDonald, 2010) ratings for attractiveness than controls. Trustworthiness ratings were more variable, though generally showed similar or more positive ratings for patients than controls (Baas et al., 2008a,b; Couture et al., 2008; Pinkham et al., 2008; Haut and MacDonald, 2010; Hooker et al., 2011; Strauss et al., 2012; McIntosh and Park, 2014) . Relationships between trait ratings and symptoms also vary between studies (e.g., Couture et al., 2008; Pinkham et al., 2008; Hooker et al., 2011; McIntosh and Park, 2014) . Several studies suggest that while trait ratings of patients with schizophrenia may be normal (Baas et al., 2008a; Haut and MacDonald, 2010) , the mechanisms by which patients reach these ratings are different from those of controls. For instance, Baas et al. (2008a) found that patients had decreased amygdala activation during trustworthiness decision making, though behavioral ratings were similar between groups. The current results suggest that while behavioral ratings of threat were similar between groups, perceptual mechanisms including integration time differed. Consistent with this idea, previous studies have shown that misattribution of emotion in schizophrenia is related to visual perceptual properties of stimuli (McBain et al., 2010; Bedwell et al., 2013) . The present results suggest that aberrant perceptual mechanisms may be utilized in social decision making in schizophrenia.
Of note, in schizophrenia patients, it seems that mechanisms used to make trait ratings are different from those used to recognize emotions. For instance, patients are more likely to misattribute neutral expressions as showing anger or disgust (Kohler et al., 2003; Premkumar et al., 2008; Pinkham et al., 2011) , but conversely, make trait ratings of neutral faces, such as trustworthiness or, as in the present study-threat, that are similar to or more positive than those of controls (Baas et al., 2008a,b; Haut and MacDonald, 2010) . A recent study (McIntosh and Park, 2014) sheds further light on this. When the same faces were used, patients showed impaired emotion recognition but intact trait judgments. However, further studies of neural, including perceptual, mechanisms involved in emotion versus trait ratings are needed to disentangle this issue.
Limitations of the study include all patients on antipsychotic medication, though no significant correlations were found between chlorpromazine equivalents and ratings of faces. In addition, there were more females in the control than patient group. Previous studies examining time to make a first impression did not evaluate males and females separately (Bar et al., 2006; Todorov et al., 2009) . Previous studies of trait ratings in schizophrenia did not find an effect of gender (Baas et al., 2008b; Hooker et al., 2011) . While there was not a gender effect in the present study, further studies need to be done to assess gender differences in formation of first impressions of traits.
In conclusion, the results of this study suggest that while the ratings of first impressions of threat in neutral faces do not differ for patients vs. controls, patients' formation of first impressions is slower and does not appear to rely on coarse LSF information as it does in controls. First impressions have a huge impact on behavior (Zebrowitz and McDonald, 1991; Olivola and Todorov, 2010) . Further work is needed to determine whether sluggish formation as well as different mechanisms of first impression formation impact social function, which is frequently impaired in schizophrenia.
